3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 568 067 A1 



EUROPEAN PATENT APPLICATION 



(jj) Application number: 93106974.4 
@ Date of filing: 29.04.93 



© int. CI.*; G01S 13/02, G08C 17/00 



© Priority: 29.04.92 US 875907 


© 


Applicant: TEXAS INSTRUMENTS 






INCORPORATED 


© Date of publication of application: 




13500 North Central Expressway 


03.11.93 Bulletin 93/44 




Dallas Texas 75265(US) 


© Designated Contracting States: 


© 


Inventor: Scheuermann, Josef H. 


DE FR GB IT NL 




Ander Muhle 6 






W-8051 Obeerhummel(DE) 




© 


Representative: Schwepfinger, Karl-Heinz, 






Dipl.-lng. et al 






Prinz & Partner, 






Manzingerweg 7 






D-81241 Munchen (DE) 



© RFID system with controlled charge. 



CO 

o 

00 
CD 
IT) 

O 

a. 



© Since the distance from the interrogator to the 
transponder cannot be controlled in many RF-ID 
applications, a time or power control over the inter- 
rogation pulse is provided to eliminate transponder 
heat-up. The RF ID system transmits a narrow in- 
terrogation pulse, for example of 5 msec duration 
and then monitors for an even shorter duration, for 
example 1 msec, for a transponders response signal. 
The monitoring duration is maintained a minimum to 
create the most efficient charge-up system. Upon 
the absence of the transponders response signal, the 
interrogator increases the interrogation pulse dura- 
tion in steps, until the receiver in the interrogator 
detects a response signal. A response signal in- 
dicates that the transponder has received enough 
power from the interrogation signal, represented as a 
voltage stored on a capacitor located in the tran- 
sponder. This system can be supported by traa- 
sponders which have no discharge function, to allow 
the transponders to achieve the final charge-up volt- 
age level with a series of combined short duration 
power pulses, or by transponders which have dis- 
charge functions and which must wait for an ade- 
quate duration interrogation pulse to receive enough 
voltage. Alternatively, instead of increasing the dura- 
tion of the interrogation pulses, the amplitude of the 



interrogation pulses can be increased to produce a 
similar increase in the amount of interrogation power 
transmitted. 
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Field of the Invention 



This invention relates to radio-frequency iden- 
tification systems which operate with sequential 
power/read functions. 

Background of the Invention 



Radio-frequency identification systems with in- 
terrogator sequential power/read functions, operate 
over a large dynamic range with regard to field 
strength levels. This phenomena stems from the 
fact that the largest required reading range of any 
given read area defines the power level in conjunc- 
tion with the predetermined time window. If an RF- 
ID system is designed for maximum range, the 
close-proximity field strength is very high for the 
transponders nearest the interrogator. In such 
cases, transponders may be heated up by the 
over-voltage protection circuit which is absorbing 
excessive power in near field conditions. The sec- 
ond negative effect is that most of the charge-up 
pulse is wasted for the closest transponders. If, for 
example, a power pulse must be 50 milliseconds in 
length to charge the furthest transponder, but the 
closest transponder requires only .5 milliseconds to 
obtain sufficient energy to return a reply, the other 
49.5 milliseconds of the power pulse is wasted on 
the closest transponders. 

The over-charging problem is especially disad- 
vantageous in temperature sensor applications. In 
such applications, an accurate temperature mea- 
surement may not be obtainable because the tran- 
sponder eventually dissipates the extra power 
pulse energy in the surrounding area of the sensor, 
which is typically in the temperature measurement 
vicinity. Over-charging can cause the temperature 
of the transponder to rise anywhere from 20-80 C, 
depending upon the required reading range and/or 
the transponders distance from the interrogator, 
thereby causing enormous errors in the tempera- 
ture measurement readings. 

The duration or the amplitude of the interroga- 
tion power pulse, thus the energy consumption and 
heating-up of the transponder, as well as the en- 
ergy consumption of the interrogation unit can be 
optimized by the proposed invention. 

Summary of the Invention 



Since the distance from the interrogator to the 
transponder cannot be controlled in many RF-ID 
applications, a time or power control over the inter- 
rogation pulse is provided to eliminate transponder 
heat-up. The RF ID system according to a pre- 
ferred embodiment of this invention transmits a 
narrow interrogation pulse, for example of 5 msec 
duration and then monitors for an even shorter 



duration, for example 1 msec, for a transponders 
response signal. The monitoring duration is main- 
tained a minimum to create the most efficient 
charge-up system. Upon the absence of the tran- 

5 sponders response signal, the interrogator in- 
creases the interrogation pulse duration in steps, 
until the receiver in the interrogator detects a re- 
sponse signal. A response signal indicates that the 
transponder has received enough power from the 

w interrogation signal, represented as a voltage 
stored on a capacitor located in the transponder. 
This system can be supported by transponders 
which have no discharge function, to allow the 
transponders to achieve the final charge-up voltage 

15 level with a series of combined short duration pow- 
er pulses, or by transponders which have dis- 
charge functions and which must wait for an ade- 
quate duration interrogation pulse to receive 
enough voltage. Alternatively, according to a sec- 

20 ond embodiment, instead of increasing the duration 
of the interrogation pulses, the amplitude of the 
interrogation pulses can be increased to produce a 
similar increase in the amount of interrogation pow- 
er transmitted. 

25 Moreover, according to one embodiment, when 

more than one transponder is within an interroga- 
tion read range, after a transponder has sent a 
response message back to the interrogator, that 
transponder is inactivated for a predetermined 

30 amount of time to allow the rest of the transpon- 
ders in the read range to respond to an interroga- 
tion pulse. ~~ 

Brief Description of the Drawings 

35 

Figure 1 is a block diagram of the interrogator 
showing those elements that make up an integral 
part of the invention. 

Figure 2 is a block diagram of the transponder 
40 showing those elements that make up an integral 
part of the invention. 

Figure 3 is a timing and voltage diagram show- 
ing the excess energy a close transponder must 
dissipate when a power pulse to reach the farthest 
45 power pulse is transmitted by a prior art interroga- 
tor. 

Figure 4 is a timing and voltage diagram that 
shows the absorption of the interrogation pulse by 
dischargeable transponders according to the inven- 
50 tion. 

Figure 5 is a timing and voltage diagram that 
shows the aborption and the discharge of the inter- 
rogation pulse by dischargeable transponders ac- 
cording to the invention. 
55 Figure 6 is a timing and voltage diagram that 

shows how transponders with no discharge function 
can be charged with a series of like duration inter- 
rogation pulses. 
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Figure 7 is a timing and voltage diagram that 
shows how transponders with no discharge function 
can be charged with a series of increasingly longer 
duration interrogation pulses. 

Figure 8 is a timing and voltage diagram show- 
ing the optimum length of time and voltage of the 
interrogation pulse in a high speed automobile ve- 
hicle identification application. 

Figure 9 is a block diagram of the transponder 
showing those elements that make up a part of 
another preferred emobodiment according to the 
invention. 

Figure 10 is a timing and voltage diagram 
showing the increase in amplitude of the interroga- 
tion signal in a preferred embodiment according to 
the invention. 

Detailed Description of the Preferred Embodiments 

A block diagram of an interrogator is shown in 
Figure 1. According to a first preferred embodi- 
ment, an oscillator 10 of the interrogator 9, com- 
manded by a microprocessor not shown, sends a 
signal through a variable amplifier 12 to a coupler 
14, where the amplified interrogation signal reso- 
nates the parallel resonant combination 16 and is 
transmitted via the antenna 18. The first interroga- 
tion signal transmitted is a short power pulse, for 
example, 5 milliseconds, which is shorter in pulse 
duration than would be required to power up the 
most distant transponder. The receiver 20 of the 
interrogator 9 then listens for a short, predeter- 
mined time period, for example, 1 millisecond, for a 
transponders response signal. If the receiver 20 
does not detect a response during the predeter- 
mined listening time period, it sends a control 
signal to the Pulse Width Control Circuitry 21. 
According to one embodiment, the Pulse Width 
Control Circuitry 21 includes a data control circuit 
22 which receives the control signal from receiver 
20, and in turn sends a signal to the time duration 
control circuit 24 to increase the duration of the 
interrogation pulse. The interrogator 9 continues a 
cycle of sending successively longer duration inter- 
rogation pulses and monitoring for a transponders 
response until the receiver 20 in the interrogator 9 
detects the presence of a transponders response 
signal, thereby signifying an adequate charge-up 
power level in the transponder. 

In another embodiment according to the inven- 
tion shown in Figure 8. instead of controlling the 
duration of the interrogation pulse with Pulse Width 
Control Circuity 21, the amplitude of the interroga- 
tion signal could be controlled with a Power Control 
Circuit 27 which increases the amplitude of the 
interrogation pulse in successive steps. In the 
same method as described above, an oscillator 10 
of the interrogator 9, commanded by a micropro- 



cessor not shown, sends a signal through a vari- 
able amplifier 12 to a coupler 14, where the am- 
plified interrogation signal resonates the parallel 
resonant combination 16 and is transmitted via the 

5 antenna 18. The first interrogation signal transmit- 
ted is a low power pulse, for example, 5 mW, 
which is less in amplitude than would be required 
to power up the most distant transponder. The 
receiver 20 of the interrogator 9 then listens for a 

io short, predetermined time period, for example, 1 
millisecond, for a transponders response signal. If 
the receiver 20 does not detect a response during 
the predetermined listening time period, it sends a 
control signal to the Amplitude Control Circuitry 29. 

is According to one embodiment, the Amplitude Con- 
trol Circuitry 21 includes a data control circuit 22 
which receives the control signal from receiver 20, 
and in turn sends a signal to the amplitude control 
circuit 24 to increase the amplitude of the inter- 

20 rogation pulse. The interrogator 9 continues a cycle 
of sending successively higher amplitude interroga- 
tion pulses, as shown in Figure 10, and monitoring 
for a transponders response until the receiver 20 in 
the interrogator 9 detects the presence of a tran- 

25 sponders response signal, thereby signifying an 
adequate charge-up power level in the transponder. 

In either embodiment, the interrogation pulse is 
received by antenna 26 of the resonant circuit 28 
which resonates with the interrogation signal fre- 

30 quency in the transponder 25 shown in Figure 2. 
The interrogation pulse is rectified by the diode 30 
and the voltage stored in energy storage element 
32. Circuit element 38 generates the transponder 
response signal in response to the termination of 

35 the interrogation pulse and a voltage level repre- 
sentative of a predetermined amount of power re- 
ceived from the interrogation pulse signal. The 
termination of the interrogation pulse is detected in 
the transponder by an RF threshold detector, which 

40 is not shown, when the amplitude of the RF oscilla- 
tion at the resonant circuit 28 has dropped below a 
predetermined level. Therefore, for transponders 25 
with no discharge function, the interrogation pulses 
are received, rectified and stored such that, if the 

45 received pulses do not translate into enough power 
to enable a response, the transponder 25 substan- 
tially maintains the current voltage level and waits 
for another interrogation pulse. On the other hand, 
for a transponder 25 with a discharge function, the 

so interrogation pulse is received, rectified and stored 
such that, if the received pulse does not translate 
into enough voltage to enable a response, the 
transponder 25 is discharged and must wait for a 
longer duration pulse. The difference between 

55 charging a transponder 25 with a discharge func- 
tion and charging a transponder 25 without a dis- 
charge function, located the same distance from an 
interrogator 9. is that the transponder 25 with no 
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discharge function can charge-up to the required 
voltage with a series of short duration, or low 
amplitude pulses and the transponder 25 with a 
discharge function must wait for a longer duration, 
or higher amplitude interrogation pulse. 

As an illustration of the variable duration inter- 
rogation pulse preferred embodiment, the task of 
locating a single transponder which has a dis- 
charge function is addressed. An interrogation 
pulse of short duration is transmitted initially from 
the antenna 18 of interrogator 9. Then, receiver 20 
listens for a predetermined time period, much shor- 
ter than the duration of the interrogation pulse, and 
upon the absence of a transponders response sig- 
nal, Pulse Width Control Circuit 24 increases the 
duration of the interrogation pulse. Although the 
transponder 25 has not responded, signifying stor- 
age of an insufficient amount of interrogation signal 
energy, the transponder 25 may have stored some 
energy from the interrogation signal, simply not 
enough to transmit a response signal. However, 
because the transponder 25 has a discharge func- 
tion, as soon as the transponder acknowledges that 
the interrogation signal has terminated and there is 
an inadequate amount of energy stored, transpon- 
der 25 discharges. Therefore, to charge-up tran- 
sponder 25, an interrogation pulse of the same 
duration as the first interrogation pulse would not 
suffice. The transmission of a longer duration inter- 
rogation pulse, as transmitted by the interrogator 9 
of Figure 1 would be necessary. Thus, the inter- 
rogator 9 continues to send longer and longer 
duration interrogation pulses until the interrogator 
detects the presence of a transponders response 
signal. In this way, the transponder is charged to 
the required voltage without heating up with excess 
interrogation signal energy. In another embodiment 
of the invention, the transponder 25 does not have 
a discharge function. Therefore, a series of inter- 
rogation pulses having the same duration may also 
charge-up the transponder 25 to the required volt- 
age also without causing the transponder 25 to 
heat up with excess interrogation signal energy. 

One of the greatest advantages offered by the 
interrogator transmitting a series of short duration, 
lower power interrogation pulses versus very long 
duration, very high power interrogation pulses is 
realized in a remote temperature measurement 
system. Transponders 25 which have temperature 
measurement sensors, are prone to inaccurate 
temperature readings in a standard RF-ID system 
which continually transmits an interrogation pulse 
of adequate duration to charge-up the furthest tran- 
sponder. By transmitting a minimum duration inter- 
rogation signal, followed by successively longer 
interrogation pulses, transponders with temperature 
sensors can achieve more accurate temperature 
measurements. For example, in a prior-art remote 



temperature sensor system, a transponder re- 
ceives, stores and rectifies the interrogation signal 
and upon a detected decrease in the power level of 
the interrogation signal and in response to a volt- 
5 age level representative of a predetermined amount 
of power received from the interrogation pulse sig- 
nal, makes a temperature measurement and trans- 
mits a transponder response signal indicative of the 
temperature measurement. In addition, if the inter- 
w rogation pulse is of longer duration than necessary 
to charge the transponder to the predetermined 
voltage, the remainder of the interrogation pulse is 
received, rectified and dissipated as heat, as shown 
in Figure 3. Figure 3 shows a voltage versus time 
15 diagram for a typical prior art RF-ID system. The 
power signal 44 of length t 2 which is the amount of 
time it takes to power up the furthest transponder 
48 in a given RF-ID system, is transmitted and the 
voltage versus time diagrams for the closest 46 

20 and the furthest 48 transponders are shown under- 
neath. The closest transponder 46 stores Vi 
amount of voltage, which is the amount of voltage 
required by the transponder to return a response, 
by time ti which is a very small percentage of the 

25 duration of the interrogation signal. Therefore, from 
ti to t 2 , while the furthest transponder 48 is still 
charging up to the required voltage Vi and waiting 
for the end of the power burst signal, the closest 
transponder 46 is exposed to the same pulse and 

30 may heat up while it dissipates the excess energy 
of the interrogation signal. The excess energy be- 
ing dissipated as heat by the close transponder 46 
is indicated in the shaded region of the close 
transponders 46 voltage versus time diagram. 

35 There is little to no excess energy to be dissipated 
by the far transponder 48, as seen in its voltage 
versus time diagram, as transponder 48 requires all 
the energy absorbed to perform the temperature 
meansurement, not impaired by heating-up effects, 

40 and transmit the transponder response signal. 

However, in a preferred embodiment according 
to the invention, Figure 4 shows how varying the 
length of the interrogation pulse can charge-up 
transponders having a discharge function, located 

45 at different distances from the interrogator, to the 
same required voltage V : , without the transponders 
having to dissipate extra interrogation signal as 
heat. For example, Transponder 1 is located just a 
short distance from the interrogator, therefore re- 

50 quiring only the minimum interrogation pulse dura- 
tion ti to achieve the required voltage Vi to trans- 
mit a response signal. Therefore, Transponder 1 
receives the interrogation pulse of duration ti , de- 
tects a decrease in the power level of the interroga- 

55 tion pulse and a voltage level Vi , representative of 
a predetermined amount of power received from 
the interrogation pulse signal, takes a temperature 
measurement and transmits a response signal. As 
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shown in Figure 4, Transponder 1 does not receive 
any excess interrogation signal which it must dis- 
sipate as heat. In a preferred embodiment of the 
invention, after sending a response signal, Tran- 
sponder 1 is inactivated for a predetermined 
amount of time to allow the rest of the Transpon- 
ders within a given interrogation range to respond. 
Therefore when the interrogator then transmits an 
interrogation pulse of duration t 2 , Transponder 1 
does receive the interrogation pulse but is inac- 
tivated and does not respond thus intefere with 
Transponder 2 signal. Instead. Transponder 2 re- 
ceives the interrogation pulse of duration t 2 , takes 
a temperature measurement and transmits a re- 
sponse signal under the same conditions as Tran- 
sponder 1. Because interrogator 9 is transmitting 
successively longer duration interrogation pulses, 
instead of the maximum required duration pulses 
which would charge up the furthest transponder, 
Transponder 1, 2 and 3 are activated. 

Although the transponders are receiving much 
closer to the exact amount of energy necessary to 
respond, there may still be some excess interroga- 
tion energy to dissipate, but just not nearly as 
much excess, especially for the transponders close 
to the interrogator. In a preferred embodiment ac- 
cording to the invention, transponder 25 performs 
temperature sensor functions via circuit element 
38, and circuit element 38 also provides corrected 
temperature measurements which are corrected by 
an over-voltage compensating logic circuit, also a 
part of circuit element 38. Zener diode 34 and 
current sensor resistor 36 together form a current 
sensing over-voltage protection circuit. The value of 
zener diode 34 is chosen such that it will conduct 
when a higher voltage level exists than that repre- 
senting the predetermined amount of power re- 
quired to transmit a transponders response signal 
has been received from the interrogation signal. In 
other words, the conduction of the zener diode 34 
signifies an over-voltage condition. Upon conduc- 
tion of zener diode 34 and detection of such con- 
duction by the current sensing element 36, a signal 
is transmitted from the current sensing element 36 
to the temperature measurement compensating 
logic circuit of circuit element 38. The temperature 
measurement compensating logic circuit 38 re- 
ceives a current level from the current sensing 
element 36 and combines this information with the 
amount of time elapsed from the start of current 
flow, then adjusts the temperature measurement 
accordingly, thereby compensating for the heat be- 
ing generated by the excess energy of the inter- 
rogation pulse. Once the temperature measurement 
has been adjusted, the transponder response sig- 
nal generator of circuit element 38 then transmits a 
response signal via antenna 26 back to the inter- 
rogator of Figure 1. wherein in one preferred em- 



bodiment according to the invention, comprises an 
identification code and a heat compensated tem- 
perature measurement. 

In another preferred embodiment according to 

5 the invention, instead of compensating for the inac- 
curacy of the temperature measurement, the tem- 
perature measurement is performed before the 
transponder has time to heat up. In other words, 
before the termination of the interrogation pulse, for 

w example, in the first millisecond that a voltage level 
Vi , representative of a predetermined amount of 
power received from the interrogation pulse signal 
is detected, take the temperature measurement 
and then store the temperature measurement. After 

75 the transponder then detects a decrease in the 
power level of the interrogation signal, retrieve the 
temperature measurement and transmit the re- 
sponse signal back to the interrogator. 

Another illustration of a preferred embodiment 

20 according to the invention comprising the interroga- 
tor 9 of Figure 1 and the Transponders 1, 2 and 3, 
which have a discharge function, of Figure 4, is 
illustrated in Figure 5. Interrogator 9 transmits a 
first minimum duration interrogation pulse of 5 

25 msec in duration. Transponder 1 closest to the 
interrogator 9 charges up to the required voltage 
Vi with the first interrogation pulse and sends a 
response signal in return. After Transponder 1 
transmits a response signal back to the interrogator 

30 9, in a preferred embodiment, Transponder 1 is 
inactive to transmit another response signal for the 
predetermined amount of time that it takes for the 
remainder of the transponders in the interrogation 
range to respond. Therefore, when the interrogator 

35 9 sends a second pulse of 5 msec, the same 
duration as the first pulse, the receiver 20 of the 
interrogator does not detect a response signal and 
the duration of the next interrogation pulse is in- 
creased via the Pulse Width Control Circuit 24. In 

40 the embodiment shown in Figure 5, the increase is 
shown to be double the original pulse width. 

Transponders 2 and 3 are further from the 
interrogator and charge up partially from the first 
and second 5 msec interrogation pulses, but do not 

45 acquire the Vi volts required to return a response 
signal. Therefore, while Transponder 1, having re- 
ceived adequate energy from interrogation pulse of 
duration ti to respond, is transmitting the response 
signal. Transponders 2 and 3 are discharging the 

so amount of energy received from the interrogation 
pulse of duration ti . Upon transmission of the inter- 
rogation pulse of 10 msec duration, Transponder 2 
is charged up to a voltage of Vi , initiating a re- 
sponse signal, and subsequently inactivating Tran- 

55 sponder 2. Again, the interrogator 9 transmits an 
interrogation pulse of 10 msec duration, and the 
receiver 20 of the interrogator does not detect a 
response signal and. in the embodiment shown, the 
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Pulse Width Control Circuit 24 doubles the duration 
of the next interrogation pulse to 20 msec. Tran- 
sponder 3 is the furthest of the transponders from 
the interrogator 9, thus none of the first four inter- 
rogation pulses were of sufficient duration to 
charge Transponder 3 to the required voltage Vi . 
However, transmission of the interrogation pulse of 
20 msec duration charged Transponder 3 to the 
voltage Vi , initiating a response signal, and subse- 
quently inactivating Transponder 3. 

Although Figures 4 and 5 show a preferred 
embodiment according to the invention relative to 
transponders which have discharge functions, Fig- 
ure 6 shows a preferred embodiment of the inven- 
tion relative to transponders which have no dis- 
charge function. The advantage of using transpon- 
ders with no discharge function, is that the inter- 
rogation signal duration does not have to be in- 
creased to reach further and further transponders. 
In addition, the transponders after receiving any 
energy from an interrogation signal at all, retain a 
substantial amount of that energy, and add any 
new energy received from other interrogation 
pulses to that existing amount of energy. For ex- 
ample, Transponder 60 receives some energy from 
the first 5 msec, minimum duration, interrogation 
pulse, and substantially retains that energy. Upon 
reception of the second 5 msec duration interroga- 
tion pulse, Transponder 60 has acquired Vi volts of 
interrogation energy and is enabled to transmit a 
response signal. Transponder 62, which is further 
from the interrogator than Transponder 60, receives 
some energy from the first two 5 msec interroga- 
tion pulses, but because it is further from the 
interrogator than Transponder 60, Transponder 62 
does not receive as much energy. However, the 
energy that Transponder 62 has received is re- 
tained and upon transmission of a third, 5 msec 
interrogation pulse, Transponder 62 also acquires 
V, volts and transmits a response signal. Tran- 
sponder 64, which is the furthest transponder from 
the interrogator, also receives and retains energy 
from the first three, 5 msec interrogation pulses 
and requires two more, 5 msec interrogation pulses 
before it has received the necessary Vi volts nec- 
essary to transmit a response signal. 

Although Figure 6 shows that transponders with 
no discharge function, located at different distances 
from the interrogator 9, can be charged with a 
series of short, like duration interrogation pulses, 
the same transponders could be charged with a 
series of successively longer duration interrogation 
pulses, as shown in Figure 7. In this way, the 
interrogation process may be expidited by reaching 
more transponders simultaneously. Caution may be 
desired in the use of this interrogation method with 
transponders which have no discharge function be- 
cause the benefits of increased range may be 



offset by the amount of detrimental overages in- 
curred in many of the transponders reached. 

It is to be understood that doubling the duration 
of the interrogation pulse is one pertubation of 
5 many possible variations. For example, the pulse 
duration could be increased up to the 100 % 
represented by doubling the duration. Actually the 
increase could be even greater than 100%. As a 
more complicated example, there is oftentimes a 
w given gaussian or bell shaped distribution of tran- 
sponders in a given interrogation range. Therefore, 
instead of the interrogation pulses having- double 
the duration or some other percentage increase, 
upon the absence of the response signal, the inter- 
75 rogator could have a circuit which would calculate 
the probability of a transponder falling within a 
certain range of the interrogator, and then calculate 
the required interrogation pulse duration to reach 
that transponder. Or, another alternative would be 
20 when sending an interrogation pulse which will po- 
tentially power-up many transponders, instead of 
calculating a specific interrogation pulse duration, 
increase the duration of the interrogation pulse in 
much smaller steps. This method would be similar 
25 to the way that digital transformations of analog 
data are done. When an analog signal is in a 
maximum, where there are many data points lo- 
cated in a small area, the digital steps are made 
very small to increase the accuracy of the measur- 
30 ment. In the same way, the power time control 
circuit 24 of the interrogator, could, when in the 
vicinity of a distribution maximum, make much 
smaller incremental changes in the duration of the 
interrogation pulse. 
35 Furthermore, if the transponders do not have a 

discharge function and are located beyond the 
maximum in the distribution of transponders, 
chances are that they are very close to having the 
required voltage V^ necessary to send a response 
40 signal. Therefore, a decrease in the duration of the 
interrogation pulse may be necessary to charge-up 
the transponder without the risk of incurring a det- 
rimental overage. 

Figure 8 shows that in Automobile Vehicle 
45 Identification (AVI) applications involving high 
speed vehicles, the same types of over-voltage 
problems exist that are shown in the prior art 
voltage versus time function shown in Figure 3. An 
antenna 60 embedded in the road has the main 
50 lobe and side lobe field characteristics shown in 
the dotted lines. This field characteristic gives rise 
to three reading regions designated in the main 
lobe by "Region B" and the side lobes by "Region 
A". In the main lobe "Region B M , the field strength 
55 is great and so a very short power pulse of length 
ti is necessary to power up the transponder to the 
required voltage V^ . However, in the side lobes 
"Region A", there are not as many field lines so, 
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as shown in the graph of region "A", the pulse is 
not as strong and it takes a longer pulse of length 
t 2 to charge-up the transponder to the reqired 
voltage Vi. Thus, an interrogator that sends longer 
pulse lengths to anticipate reading a car at the front 
of the antenna pattern, wastes a huge percent of 
the interrogation pulse upon entering the center of 
the antenna, because the transponder is charged 
up the the required voltage Vi quickly and then 
dissipates the greater portion of the interrogation 
pulse as heat. Therefore, the interrogator optimally 
sends longer duration pulses, for example 20 
msec, when no response from a transponder is 
detected and the car is still approaching the an- 
tenna. However, upon detection of a transponder 
response signal, the interrogator transmits much 
shorter duration interrogation pulses, for example 5 
msec, because the transponder has been charged 
by "Region A" of the antenna once and is now in 
"Region B" of the antenna. The interrogator contin- 
ues to transmit short duration interrogation pulses 
until the interrogator does not detect a transpon- 
ders response for a predetermined amount of time, 
signifying the departure of the transponder from 
the range of the interrogation antenna. Upon the 
absense of the response signal, the interrogator 
transmits longer duration pulses again. 

Claims 

1. An identification system comprising: 

a transponder for receiving pulses of en- 
ergy and then transmitting a response signal; 
and 

an interrogator for transmitting a series of 
said interrogation pulses of energy ranging 
from pulses having a minimum duration to 
pulses having successively longer duration; 

said interrogator further including a receiv- 
er for monitoring for said response signal for 
less duration than said transmitted interroga- 
tion pulse of minimum duration, subsequent to 
the transmission of said interrogation pulse and 
a pulse width control circuit such that in the 
absence of said transponder transmitting said 
response signal, said interrogator transmits an 
interrogation pulse having longer duration. 

2. The identification system of Claim 1, wherein 
said interrogator further comprises: 

■ an oscillator for generating said interroga- 
tion signal, 

said pulse width control circuit being con- 
nected to said oscillator for determining the 
pulse duration of said interrogation signal, 

an antenna connected to said oscillator for 
transmitting said interrogation signal and re- 
ceiving said response signal. 



a receiver connected to said antenna for 
emitting a control signal in response to the 
absence of said response signal, 

a data control circuit connected to said 
5 receiver for sending an activating signal to said 

pulse width control circuit in response to said 
control signal, wherein said pulse width control 
circuit increases the duration of said interroga- 
tion pulse in response to said activating signal. 

w 

3. The identification system of Claim 1, wherein 
said transponder, subsequent to the. transmis- 
sion of said message, is inoperable to transmit 
another message for a predetermined amount 

/5 of time. — 

4. A remote sensor system comprising: 

an interrogator for transmitting a series of 
pulses of energy ranging from pulses having a 

20 minimum duration to pulses having succes- 

sively longer duration; 

a transponder for receiving said pulses of 
energy and storing said pulses of energy up to 
a predetermined amount of voltage, and dis- 

25 sipating the remainder of said pulses as heat, 

thereby indicating an over-voltage condition, 
and for sensing an environmental condition 
and for transmitting a response signal, 

said transponder further comprising over- 

30 voltage protection circuitry and compensatory 

logic circuitry such that in response to said 
over-voltage condition, said compensatory log- 
ic circuitry compensates said sensed environ- 
mental condition for said over-voltage condi- 

35 tion. 

5. The remote sensor system of Claim 4, wherein 
said response signal comprises an identifica- 
tion code and said compensated environmental 

40 condition. 

6. A method of interrogation in a communication 
system comprising an interrogator, which 
transmits an interrogation signal, and transpon- 

45 ders, which receive the interrogation signal and 

transmit a response signal, comprising the 
steps of: 

generating a first interrogation signal com- 
prising a minimum duration pulse; 
so transmitting said minimum duration pulse; 

monitoring for a response signal and in the 
absence of said response signal, increasing 
the pulse duration of said interrogation signal; 
and 

55 repeating said generating, transmitting, 

monitoring and increasing steps until said re- 
sponse signal is detected. 
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7. The method of claim 6. wherein the monitoring 
step is performed by a receiver in the inter- 
rogator. 

8. The method of Claim 7, wherein said increas- 5 
ing step comprises the steps of: 

transmitting a control signal from said re- 
ceiver to a data control circuit; 

transmitting an activating signal from said 
data control circuit to a pulse width control io 
circuit in response to said control signal; and 

increasing the pulse duration via said 
pulse width control circuit in response to said 
activating signal. 

15 

9. The method of Claim 7, wherein said generat- 
ing step is performed by an oscillator in said 
interrogator. 

10. The method of Claim 7, wherein said monitor- 20 
ing for a response signal occurs for a predeter- 
mined duration. 

11. The method of Claim 10, wherein said pre- 
determined duration is of shorter duration than 25 
said minimum duration interrogation pulse. 

12. A remote identification and sensor system 
comprising; 

an interrogator for transmitting an inter- 30 
rogation signal; 

a transponder for receiving an interrogation 
signal, for performing a sensor measurement 
and for transmitting a response signal in re- 
sponse to said interrogation signal comprising; 35 

an antenna for receiving said interrogation 
signal and for transmitting said response signal 
in response, 

a rectifying element connected in series 
with said antenna for rectifying said interroga- 40 
tion signal, 

a storage element connected in series with 
said antenna for storing a predetermined 
amount of said rectified interrogation signal, 

a current sensing over-voltage protection 45 
circuit connected in parallel with said series 
combination of said antenna and said storage 
element comprising, a series combination of 
an over-voltage protection element and a cur- 
rent sensing element, and 50 

a circuit element for making a sensor mea- 
surement, and for compensating said sensor 
measurement, and for generating a response 
signal, having two inputs with one input con- 
nected in series with said rectifying element 55 
and the second input connected between said 
over-voltage protection element and said cur- 
rent sensing element. 



13. The system of Claim 12, wherein said circuit 
element further comprises a logic circuit for 
compensating said sensor measurement. 

14. The system of Claim 13, wherein said current 
sensing element, in response to current flow 
through said current sensing element, provides 
a signal proportional to the amount of current 
sensed to said logic circuit. 

15. The system of Claim 14, wherein said current 
sensing element detects said current flow upon 
conduction of said over-voltage protection ele- 
ment. 

16. The system of Claim 15, wherein said over- 
voltage protection element conducts in re- 
sponse to said storage element having greater 
than said predetermined amount of rectified 
interrogation signal stored. 

17. The system of Claim 13, wherein said sensor 
measures temperature. 

18. The system of Claim 13, wherein said tem- 
perature compensating performed is a de- 
crease in the measured temperature. 

19. The method of remotely sensing an environ- 
mental condition comprising the steps of: 

receiving an interrogation pulse of a pre- 
determined duration for providing power; 

rectifying said interrogation pulse subse- 
quent to receiving said interrogation pulse; 

storing said rectified interrogation pulse up 
to a predetermined amount of voltage subse- 
quent to rectifying said interrogation pulse; 

detecting said predetermined amount of 
voltage, subsequent to storing said rectified 
interrogation pulse; 

immediately measuring said environmental 
condition, in response to said detection of said 
predetermined amount of voltage, subsequent 
to detecting said predetermined amount of 
voltage; 

storing said measured environmental con- 
dition, subsequent to measuring said environ- 
mental condition; 

detecting a decrease in the power level of 
said interrogation pulse, subsequent to storing 
said environmental condition; 

retrieving said measured environmental 
condition; 

transmitting a response signal in response 
to said detection of said predetermined amount 
of voltage and said decrease in said power 
level of said interrogation pulse. 
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20. An identification system comprising: 

a transponder for receiving pulses of en- 
ergy and then transmitting a response signal; 
and 

an interrogator for transmitting a series of 5 
said interrogation pulses of energy ranging 
from pulses having a minimum amplitude to 
pulses having successively greater amplitudes; 

said interrogator further including a receiv- 
er for monitoring for said response signal sub- w 
sequent to the transmission of said interroga- 
tion pulse and an amplitude control circuit 
such that in the absence of said transponder 
transmitting said response signal, said inter- 
rogator transmits an interrogation pulse having 15 
greater amplitude. 

21. A transponder for an identification system as 
claimed in any of claims 1, 2, 3 and 20 or for a 
remote sensor system as claimed in any of 20 
claims 4, 5, 12, 13, 14, 15, 16, 17 and 18. 

22. A receiver for an identification system as 
claimed in any of claims 1, 2, 3 and 20 or for a 
remote sensor system as claimed in any of 25 
claims 4, 5, 12, 13, 14, 15, 16, 17 and 18. 

23. An identification system comprising: 

a transponder for receiving pulses of en- 
ergy and then transmitting a response signal; 30 
and 

an interrogator for transmitting a series of 
said interrogation pulses of energy ranging 
from pulses having a minimum energy to 
pulses having successively greater energy; 35 

said interrogator further including a receiv- 
er for monitoring for said response signal sub- 
sequent to the transmission of said interroga- 
tion pulse and a control circuit such that in the 
absence of said transponder transmitting said jo 
response signal, said interrogator transmits an 
interrogation pulse having greater energy. 
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